INTRODUCTION
Of all sea turtle species, leatherback turtles Dermochelys coriacea undertake the most extensive migrations between their foraging and nesting grounds (e.g. Billes et al. 2006 , Benson et al. 2011 , Witt et al. 2011 , deposit the highest number of clutches per female per year (Boulon et al. 1996 , Rivalan et al. 2006 ) and, especially on continental shores, display relatively weak nest site fidelity compared to other sea turtle species (Girondot & Fretey 1996 , Stewart et al. 2014 . Based on published trends in the region's largest nesting colonies, the Northwest Atlantic (NA) sub-population has recently been assessed as Least Concern on the IUCN Red List of Threatened Species (Wallace et al. 2013) . Notwithstanding, the collapse of historically large Pacific sub-populations (Santidrián Tomillo et al. 2007 , Sarti Martínez et al. 2007 , Tapilatu et al. 2013 and the complexity of conserving this highly migratory species suggest that ensuring its survival requires a detailed understanding of international movements, especially the extent to which the animals move between protected and unprotected regimes (Bräutigam & Eckert 2006 , Turtle Expert Working Group 2007 , Richardson et al. 2013 . Information that improves knowledge of the extent to which nesting populations are shared resources -and the cumulative threats they may face -can inform management decisions at community (e.g. ecotourism), national (e.g. protected areas, fisheries and bycatch management), and multilateral (e.g. investment priorities) scales.
Whereas nesting occurs on the warm, sandy beaches of the continental and insular Caribbean, the foraging range of the NA sub-population extends from the warm waters of the Gulf of Venezuela and nearby Golfete de Coro (Rondón-Médicci et al. 2014) into the temperate latitudes of the North Atlantic across to northwest Africa (see also Eckert et al. 2012 for a review). Marking individual turtles has been useful in determining the movements of NA leatherbacks, especially in broadening our understanding of the connectivity of nesting grounds in the Caribbean and Central America with foraging grounds in the North Atlantic. Using a combination of flipper-tagging and satellite telemetry, a picture is emerging of adult leatherbacks that migrate from cold temperate foraging grounds in US and Canadian waters in late autumn, and overwinter in warmer Caribbean waters (e.g. James et al. 2005 , Dodge et al. 2014 ) before depositing their eggs on Wider Caribbean Region (WCR) beaches in March or April (James et al. 2007) , and ultimately returning to temperate foraging grounds post-nesting (e.g. Eckert 2006) .
Although some of the largest nesting aggregations of leatherback turtles in the world are located in the WCR (especially Trinidad, French Guiana, Panama, Suriname, and Florida; Wallace et al. 2013) , large aggregations are relatively rare: only 3% of the 470 known WCR nesting beaches receive > 500 crawls yr −1 , and most (58%) beaches report < 25 crawls annually (Dow-Piniak & Eckert 2011 ). Since a variable proportion of crawls will result in successful egg-laying, and clutch frequency averages 5 to 7 per female per reproductive year (summarized by Eckert et al. 2012) , the majority of WCR nesting beaches host fewer than 5 individual females annually. In the insular Caribbean, leatherbacks typically nest in smaller numbers than on mainland nesting grounds (Eckert & Kerr-Bjorkland 2005 , Dow-Piniak & Eckert 2011 .
Gravid females may nest at one rookery only, or more rarely may come ashore to nest at multiple sites. Intra-seasonal movement (>100 km) among nesting beaches has been documented between sites in French Guiana and Suriname (Schulz 1971 , Pritchard 1973 , Girondot & Fretey 1996 , Georges et al. 2007 ), Panama and Costa Rica (Chacón-Chaverri & Eckert 2007) , Venezuela and Trinidad (Rondón-Médicci et al. 2014 ) and among Caribbean islands (Eckert et al. 1989 , Bräutigam & Eckert 2006 , Georges et al. 2007 , Stapleton & Eckert 2007 . The annual percentage of leatherbacks that nest (within a reproductive year) on a beach in a political jurisdiction other than where that animal was tagged has been estimated at < 5% (Eckert et al. 1989 , Rondón-Médicci et al. 2012 , although a higher rate (8.5%) was documented along the contiguous coastline of the Guianas (Schulz 1971) . The extent to which animals spread their iterative reproductive investment spatially is of significant conservation interest , Georges et al. 2007 , Rondón-Médicci et al. 2012 . Such movement has implications related, inter alia, to genetic diversity (Dutton et al. 1999) , population trend estimates (Stewart et al. 2014) , and the need for collaboration among range States (Wold 2002 , Richard son et al. 2013 .
In an attempt to capture data related to the movements of reproductively active adults, especially within and among smaller, Small Island Developing States (SIDS)-based nesting aggregations, flipper tags are made available at no cost by the Wider Caribbean Sea Turtle Conservation Network (WIDE-CAST)'s regional Marine Turtle Tagging Centre (MTTC), located at the University of the West Indies, Cave Hill Campus, and hosted by the Barbados Sea Turtle Project. Since 2001, the MTTC has provided training, tags and tagging equipment, assistance in the purchase of more specialized tags and equipment, and rewards (T-shirts, bags and hats) to those who contribute information on tagged turtles. By facilitating the marking of turtles with unique flipper tags, the MTTC plays a key role in the ability of stakeholders to monitor regional and international movements, thus promoting cooperation and collaboration among range States, as well as contributing information relevant to the distribution and movement of migratory sea turtles at population scales. Here, we provide the first results from flipper tag recoveries reported between January 2002 and December 2013 of adult female leatherbacks marked with MTTC-issued flipper tags, with a focus on within-and between-season inter-island, regional movements.
MATERIALS AND METHODS
Uniquely numbered monel 1005-49 tags (National Band and Tag), with the prefix 'WC' and a return address (Reward premio send, UWI Dept. Biology, Barbados) inscribed on the reverse side have been dispensed for tagging leatherbacks in 13 countries since the MTTC was established in 2001. Before receiving the tags, applicants must demonstrate that tagging staff have received training on standard field protocols (Eckert et al. 1999 , Eckert & Beggs 2006 from WIDECAST, and that appropriate permits to tag sea turtles were granted by their governments. In return for the tags, tagging equipment, training, and other resources provided, participating projects agree to submit an annual report to the MTTC on tag fate (e.g. date and location of deployment, species). This information is archived by the MTTC, thereby ensuring that tag fate data are centrally compiled and maintained at a secure location, and are accessible for retrieval when tagged animals are recovered (the term used to refer to animals killed, captured, sighted, or stranded at a location different from where they were originally tagged).
Tagging programmes in Trinidad & Tobago and French Guiana use country-specific tag series and/ or PIT tags as these were in place prior to the establishment of the MTTC. Both countries were approached for information on WC tags that might have been seen on their beaches, but because of the high volume of domestic tagging, might not have been communicated to the MTTC office. This query revealed the existence of dozens of unreported tag sightings of WC tags from Trinidad and Tobago beaches; in contrast, no additional information on WC tag sightings beyond those already reported to the MTTC were reported from French Guiana. WC tags were also issued to several projects in Colombia; however, due to logistical complexity in compiling tag fate data at the local level, information related to tag returns from these efforts will be prepared for separate publication.
Data handling and analysis
Data consisted of tag recoveries from adult female leatherbacks that moved from the original beach where they were tagged to a beach in a different country or a beach on a different land mass within the same country. For instance, movements between Saint Kitts and Nevis or between the Venezuelan mainland and Isla Margarita were included even though they fall under a single national jurisdiction. There was no minimum distance cut-off for inclusion of data in the analysis, provided that the beach was in a different country or on a different land mass within the same country.
Data were compiled separately for movements from the beach of original tagging within and between nesting seasons. For multiple recoveries of an individual at the same beach within a season, we included only the initial recovery in our analysis. To calculate distances between beaches, we approximated the midpoint (latitude, longitude) of each nesting beach and plotted them using GIS (ArcMap 9.3.1, ESRI) for preliminary review. We then estimated the great circle distance (the minimum distance between 2 points on a spherical surface) between beaches, following Williams' Great Circle Distance Calculator and specifying the WGS84 model (http://williams. best. vwh.net/gccalc.htm). For some within-season movements between beaches, this technique slightly underestimated minimum distance travelled because the great circle distance included small portions of land, but we believe it provided a reasonable approximation to evaluate minimum leatherback within-season movements. We evaluated differences between straight-line distances using t-tests.
We also report the recovery of tags from adult females tagged with WC tags and recovered in the waters of a different country over the same time period.
RESULTS
Between January 2002 and December 2013, 10 800 WC-series monel 1005-49 tags were issued to 16 projects in 13 WCR countries and territories. Thirteen of these projects reported using them to tag leatherbacks, for a combined minimum total of 3151 tagged individuals (Table 1, Fig. 1 ). This is a minimum number because updated tag fate reports for some projects were unavailable at the time of analysis (see Table 1 ). Most (n = 2027, 64.3%) leatherbacks reported in this paper were tagged while nesting in Eastern Caribbean SIDS nations, with the remainder tagged on continental beaches in Guyana, Venezuela, and Costa Rica (Table 1) . To date, Venezuela and Grenada combined have tagged 75.5% of all females identified with WC tags. There were no reports of females tagged with WC tags in Costa Rica, Antigua, Aruba or the British Virgin Islands (BVI) subsequently being recovered outside of the country of tagging, perhaps due to the short duration of tagging with WC tags at the time of writing.
Nesting beach recoveries involved 211 uniquely marked females re-sighted on 240 occasions in a total of 22 different locations within 17 countries ( Table S1 in the Supplement at www.int-res.com/articles/suppl/ n029 p279 _ supp. pdf; number of occasions the female was seen at the recovery beach in paren theses). By contrast, 134 (4.3%) of the females tagged were recovered at new beaches in different nesting seasons. Because some of these turtles were re-sighted in multiple nesting seasons, we documented a total of 151 between-nesting season movements (Table S2) . Twelve females were documented moving to new beaches both within and between nesting seasons. The largest number of WC tag recoveries occurred in Trinidad (n = 144), 137 of which were re-sightings of Venezuelan-and Grenadian-tagged fe males. The percentage of nesters that were recovered elsewhere was greatest from several locations in the northern Caribbean, e.g. Anguilla (57.1%; n = 7), Sint Eustatius 33%; n = 15) and Nevis (25%; n = 8) (Table 1) , compared to only 8.4% for Venezuela and 5.3% for Grenada, countries where many more females have been tagged (Venezuela, n = 986; Grenada, n = 1394) ( Table 1) . Five tagged individuals were recovered at 2 locations different from their tagging sites. One female originally tagged in Carria cou was seen in Saint Vincent and Guadeloupe; another tagged in Carriacou was seen in Trinidad and Grenada; a female tagged in Dominica was seen in Martinique and Saint Kitts; a female tagged in Grenada was seen in Tobago and Trinidad; and an individual tagged in Grenada was later seen in Guadeloupe and Trinidad.
The mean (± SD) distance travelled between consecutive nests within a nesting season (only recoveries within intervals ≤15 d) to a different country (or island within a country) was 151.3 ± 79.7 km. This did not differ significantly from the mean distance between non-consecutive nests within the same nesting season (163.8 ± 77.4 km, t = 0.51, p > 0.05; Table S1 ). The average distance travelled between locations in different nesting seasons (218.9 ± 241.4 km, n = 151; Table S2 ) was significantly greater than the distance travelled between locations within a nesting season (160.6 ± 77.7 km, n = 89, t = 2.21, p < 0.05). The greatest distance travelled between the beach of original tagging to a different nesting beach in a subsequent nesting season was 1849 km by a Sint Eustatius-tagged turtle who was seen 8 yr If only islands are considered, there was no correlation between island size (as an indicator of extent of beach options within the tagging location) and number of animals recovered elsewhere within a nesting season (r = 0.39, n = 13, p > 0.05). However, all 3 tagging locations that had ≥10 other sites where leatherbacks are reported to nest within a distance of 200 km (i.e. Anguilla, Sint Eustatius and Nevis; see Dow et al. 2007 ) documented a higher percentage of individuals recovered elsewhere (mean 35 ± 8.6%; Table 1 ) than locations with <10 leatherback nesting locations within 200 km (i.e. Barbados, Grenada, Carriacou, Dominica and Saint Kitts; mean 8.0 ± 3.9%; see Dow et al. 2007 ).
Most (87.8%) WCR governments protect leatherback turtles from direct harvest. Notwithstanding, females are still at risk as they pass through the unprotected regimes of Haiti, Saint Kitts and Nevis, Montserrat, Dominica and Saint Vincent and the Grenadines (Fig. 3) , especially among Eastern Caribbean SIDS where mortality can threaten the remnant nesting assemblages that characterize most Caribbean islands. Of the 3151 animals tagged, 483 (15.3%) were tagged whilst nesting in Dominica and in Saint Kitts and Nevis, and were therefore vulnerable to harvest during movement towards and away from these nesting beaches, while many of the 1394 females tagged in Grenada (44.2% of the total number of females tagged) would have passed through the unprotected waters of the neighbouring islands of Saint Vincent and the Grenadines. WCR leatherbacks may also be vulnerable to interactions with fishing gear set for other species in the WCR as well as on their north Atlantic foraging grounds. Tags were recovered from 9 females in cold temperate waters off the USA and Canada, either caught via in-water tagging programmes or stranded dead on beaches (Table S3 ). Three (3.2%) of Carriacou's 93 tagged nesting females were recovered in US or Canadian waters, and 1 of Anguilla's 7 tagged females was recovered both at a different nesting location in the WCR and in cold temperate waters (see Stewart et al. 2013) . Two animals recovered in-water were dead.
DISCUSSION
The tag recoveries from leatherback sea turtles tagged on nesting beaches reported here provide the most extensive data available to date on international within-and between-nesting season movements of leatherbacks in the WCR. The data contrast with the first summary of international MTTC tag data in the WCR from hawksbill turtles Eretmochelys imbricata, where the majority of tags recovered from turtles tagged on nesting beaches were from deliberately harvested or incidentally captured animals at sea (Horrocks et al. 2011) . Rates of within-and betweenseason leatherback tag recoveries (2.8 and 4.3%, respectively) fall within previously published estimates (see Eckert et al. 1989 , Rondón-Médicci et al. 2014 , although Schulz (1971) reported 8.5% between rookeries in Suriname and French Guiana, perhaps because of the contiguous continental shoreline of the Guianas. Since not all leatherback nesting beaches in the WCR are monitored, published data may underestimate the frequency of international movements. Notwithstanding, within-and between- season movements among rookeries by leatherbacks in the WCR is markedly higher than for hawksbills, for which no females have yet been recovered nesting outside the rookery in which they were tagged (Meylan 1999 , Horrocks et al. 2011 . Leatherbacks moving from the tagging beach to a different location within a nesting season travelled an average straight line distance of ca. 160 km. This distance is comparable to the within-season internesting distance travelled from the beach of tagging by females fitted with satellite transmitters (Georges et al. 2007) . However, in the latter study, all females returned to the same nesting beach at which they had been tagged. Our data suggest that tagged females are more likely to be recovered in another country within the same nesting season if there are more potential land masses within 200 km of the original nesting beach (i.e. Anguilla, Sint Eustatius, and Nevis), and are less likely to be recovered in another country if there are fewer alternative land masses within 200 km (i.e. Barbados, Grenada, Carriacou, Dominica, and Saint Kitts). In our study, the distance females moved away from the original tagging beach to a new beach in a subsequent nesting season was significantly greater than their movements within a nesting season, with 1 female travelling to nest on the opposite side of the Caribbean Sea, almost 2000 km from the beach where she was originally tagged Dutton et al. (2013) described the stock structure of leatherbacks in the WCR as being that of 'interconnected sub-populations with fuzzy boundaries' affected by the degree of nest site fidelity. Their mtDNA and microsatellite study of NA leatherbacks concluded that distant rookeries on the northern (Saint Croix, US Virgin Islands), western (Costa Rica) and southern (Trinidad) rims of the WCR exhibited differentiation that made them demographically distinct. However, within the southern sub-region, microsatellite analysis has revealed further differentiation, i.e. between the neighbouring Trini dad and French Guiana rookeries ) and between the neighbouring Awala-Yalimapo and Cayenne rookeries within French Gui ana (Molfetti et al. 2013 ). More extensive genetic sampling of the small rookeries in the Eastern Caribbean archipelago will be required to further define stock boundaries or clines ) within the archipelago, but from the perspective of how frequently animals move between range States, tagging studies may be of more practical value.
Published tagging data suggest a North Caribbean nesting population (NCNP), broadly consisting of leatherbacks nesting within the island group of Puerto Rico, US Virgin Islands, British Virgin Islands, Anguilla, Saint Kitts and Nevis, Sint Maarten, Antigua and Barbuda, Sint Eustatius, and Guadeloupe (Turtle Expert Working Group 2007 , Richardson et al. 2013 . Our data are generally consistent with the findings of these studies, and support the absence of any nesting movement by WC-tagged leatherbacks into Cuba or Hispaniola. Since our data are predominantly focused on SIDS in the central and southern Eastern Caribbean archipelago, they offer more substantial support for the Southern Caribbean/ Guianas stock (SCGS) postulated by the Turtle Expert Working Group (2007) than for the NCNP. Where we depart from previous characterizations, however, would be with the inclusion of Dominica in the SCGS. Our data suggest a Central Antillean nesting population (CANP) consisting of females that nest primarily within Guadeloupe, Dominica, Martinique, and Saint Lucia, but who occasionally move from these rookeries to the south (e.g. to Grenada, Trinidad, and Venezuela) or more rarely to the north (e.g. Saint Kitts [this study] and Puerto Rico [Stapleton & Eckert 2007] ). Further genetic analyses are required to elucidate this area's role in regional population structure.
To the south, our tagging data suggest that Grenada belongs in the SCGS, and that some Venezuelan and Grenadian turtles utilize Trinidad's (and to a lesser extent Tobago's) beaches, supporting the inclusion of Tobago, Carriacou, and the Saint Vincent Grenadines as part of the SCGS. Although it is possible that not all of the thousands of females nesting in French Guiana annually are thoroughly checked for rear flipper tags, the fact that only 2 leather backs carrying WC-tags applied in Venezuela and Guyana were later recovered in French Guiana does suggest that Venezuelan-and Grenadian-tagged females venture south of Trinidad more rarely.
Flipper tag recoveries reported in this study confirm that the NA leatherback regional management unit (Wallace et al. 2010 ) is shared by multiple range States both whilst utilizing WCR nesting beaches and whilst on foraging grounds off the coasts of the USA and Canada (see also Georges et al. 2007 , Fossette et al. 2010 . As such, conservation efforts must address threats at multilateral scales. Our data show that a regional approach is especially important for NA leatherback conservation because of the large number of nesting beaches utilized across the multiple range States that comprise the Eastern Caribbean archipelago (Dow et al. 2007) , and the frequency with which gravid females move between nesting beaches and through multiple exclusive economic zones over the course of a reproductive season. Leatherbacks are fully protected in all but 5 WCR countries (Fig. 3) . The exceptions are Dominica, Haiti, Montserrat (UK), Saint Kitts and Nevis, and Saint Vincent and the Grenadines, where leatherbacks over a stated size can be harvested during an annual open season specified by national law. Unless the closed season fully encompasses the WCR nesting season, leatherbacks nesting in these 5 countries -as well as those traveling through these jurisdictional waters -are at risk. Our findings also highlight the importance of flipper tagging, of consistent nesting beach monitoring in order to identify tagged individuals, and of maintaining a centralized tag inventory and reporting framework. 
